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Function from Submarine Propulsors and Appendages

Leonard Joel Peltier, Research Associate
Computational Mechanics, Applied Research Laboratory
The Pennsylvania State University, PO Box 30
State College, PA 16804, USA
TEL.: (814) 863-3014, FAX: (814) 865-3287
EMAIL: ljp@wt.arl.psu.edu

ONR Grant #N00014-99-1-0588
L. Patrick Purtell, Program Officer

Long-Term Research Objective

The long-term objective of this research was to develop a stochastic model for the two-point surface-
pressure correlation and the related surface-pressure spectrum that uses RANS data as input. The
model would have given a complete hydrodynamic forcing function for structural acoustics
applications. The use of Reynolds-Averaged Navier-Stokes data as input to the model allowed the
model to respond to local flow and configuration complications through the RANS modeling.
Contemporary experience with RANS shows clearly that it can predict mean-field statistics for Navy
applications with reasonable fidelity. The method is first-principles-based and is exptected to be
valid for evaluation of new designs, ones with no already accumulated experimental database.

The work was to build on an existing model for the surface-pressure autospectrum developed at ARL
under internal funds.

Work Achieved
Only preliminary funding for the project was received before the grant was rescinded, due to a
similar effort also in progress under ONR funding.

Under the funding received, the formulation for the two-point autospectrum was developed and the
preliminary models for the correlation functions were constructed, see attached viewgraph report
given to P. Purtell, contract manager. Effort during the first phase of funding focused on
understanding anisotropy of the near wall flow field, especially relating to the buffer layer and early
logarithmic layer of the turbulent boundary-layer flow. Near-wall anisotropy was expected to be
important for modeling the surface-pressure covariance, since the correlation lengths between these
layers differ significantly.

The initial increment of funding did not allow for a completed model to be developed. The
understanding and modeling improvements gained from the increment of funding, however, were
implemented in the ARL stochastic surface-pressure autospectrum model, improving it significantly.
A plot showing the final surface-pressure autospectrum model (incorporating the results of this
grant) comparing it to data for a range of Reynolds numbers demonstrates that the model reproduces
data reasonably well for all wavenumbers. Significant differences are within the envelope of



experimental uncertainty.
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Figure 1: Stochastic model for the surface-pressure autospectrum versus data.
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